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PREFACE 


This  report  was  prepared  by  SCS  Consulting  Engineers,  Inc.,  Long  Beach, 
California  90807.  This  Hazardous  Waste  Inventory  for  SD  operations  at  Van- 
denberg  Air  Force  Base  (VAFB)  was  initiated  by  the  U.S.  Air  Force  to  meet  the 
requirements  of  the  Resource  Conservation  and  Recovery  Act  (R.CRA)  of  1976,  as 
amended  in  40  CFR  261  and  264,  May  19,  1980,  and  the  California  Administrative 
Code,  Title  22,  Division  4.  The  report  will  be  used  as  a  reference  document 
to  the  1978  Space  Shuttle  Supplement  1.  It  will  also  be  used  for  hazardous 
waste  reporting  to  EPA/Cal i forni a,  for  hazardous  waste  management  planning, 
and  for  engineering  design  concepts  for  SD  operations  at  VAFB. 

The  report  is  in  two  volumes.  Volume  I  is  an  inventory  of  hazardous 
wastes  likely  to  be  generated  by  the  Titan  and  Atlas  programs  and  by  the  Com¬ 
ponent  Cleaning  Facility.  Volume  II  is  an  assessment  of  the  potential  effects 
of  these  wastes  on  the  treatment/recovery/disposal  options  considered  for 
those  wastes  generated  by  the  STS  ground  operations  at  VAFB. 

This  work  was  accomplished  between  August  1981  and  February  1982.  Mr. 
John  R.  Edwards,  Headquarters  Space  Division,  was  the  Project  Officer. 

This  report  has  been  reviewed  by  the  Office  of  Public  Affairs  (PA),  and 
is  releasable  to  the  National  Technical  Information  Service  (NTIS).  At  the 
NTIS,  it  will  be  available  to  the  general  public,  including  foreign  nations. 

This  report  has  been  reviewed  and  is  approved  for  publication. 


Environmental  Protection  Scientist  STS  Environmental  Program  Manager 


RAPHAEL  0.  R0 1(5  JOHN  D.  PEARMAN,  Colonel,  USAF 

Chief,  Environmental  Planning  Division  Directorof  Civil  Engineering 
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SECTION  1 


EXECUTIVE  SUMMARY 


1.  INTRODUCTION 

The  facilities  covered  in  this  report  are  the  Atlas  and 
Titan  Launch  Facilities  (SLC  3  and  SLC  4,  respectively)  and  the . 
Bionetics  Component  Cleaning  Facility  (CCF).  The  purpose  of  this 
report  is  to  assess  the  potential  effects  of  the  additional 
wastes  from  these  facilities  on  the  treatment/disposal  options 
considered  for  those  wastes  generated  by  the  Space  Tran s po rtat i on 
System  (STS)  ground  operations  at  Vandenberg  Air  Force  Base 
(VAFB),  including  the  associated  cost  estimates. 

2.  GROUPING  OF  WASTES 

An  essential  step  in  any  discussion  of  treatment,  reuse, 
and/or  disposal  of  hazardous  wastes  from  Space  Division  (SD) 
operations  is  the  grouping  of  similar  wastes  into  treatment  cate¬ 
gories.  Many  of  these  wastes  are  compatible  in  terms  of  their 
chemical  and  physical  properties,  and  as  such  can  be  readily 
mixed  and  treated  or  disposed  of  together.  These  wastes  then 
constitute  a  treatment  category. 

The  procedure  used  to  develop  treatment  categories  for  the 
Titan  and  Atlas  hazardous  wastes  at  VAFB  was  analogous  to  that 
used  for  the  STS  wastes.  Namely,  those  categories  already  de¬ 
fined  for  Kennedy  Space  Center  (KSC)  were  used  to  the  extent  pos¬ 
sible  to  facilitate  comparisons  between  the  two  sites.  The  15 
treatment  categories  are  as  follows: 


Category  1: 

Category  2: 
Contaminated 

Category  3: 

Category  4: 

Category  5: 

Category  6: 

Category  7: 


Recoverable  Freon  Wastes. 

Hypergolic  Fuels  and  Hypergolic  Fuel- 
Water  and  A1 cohol . 

Group  I  Hydrocarbon  Wastes. 

Bilge  Water  and  Water  Contaminated  with  Oil. 
Group  II  Hydrocarbon  Wastes. 

Recoverable  Silver  Wastes. 

Recoverable  Mercury  Wastes. 
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•  Category  8:  Acids,  Bases,  and  Aqueous  Solutions  Contami¬ 
nated  with  Metal  Ions. 

•  Category  9:  Solid  Rocket  Booster  (SRB)  Rinse  Waters. 

•  Category  10:  Acid  and  Basic  Wastes  Which  Contain  No  Sig¬ 
nificant  Metal  Ions  (Plus  Oxidizer  Wastes). 

•  Category  11:  Fuel  Vapor  Scrubber  Wastes. 

•  Category  12:  Oxidizer  Vapor  Scrubber  Wastes. 

•  Category  13:  Combustible  Solids. 

•  Category  14:  Noncombustible  Solids. 

•  Category  15:  Miscellaneous  Wastewaters. 

Categories  6,  7,  and  12  have  no  counterpart  SD-VAFB  waste, 
and  thus  are  not  used  in  this  report. 

Tables  1,  2,  and  3  present  summary  annual  waste  generation 
rates  by  treatment  category  for  SLC  3,  SLC  4,  and  CCF,  respec¬ 
tively.  Table  4  gives  the  combined  totals  for  all  three  facili¬ 
ties. 

3.  RECENT  REGULATORY  CONSTRAINTS 

On  October  13,  1981,  the  Governor  of  California  signed  an 
Executive  Order  designed  to  eliminate  the  land  disposal  of  pesti¬ 
cides,  PCB's,  cyanides,  toxic  metal  wastes,  halogenated  organics, 
and  non-hal ogenated  volatile  organics. 

Given  the  general  descriptions  of  the  waste  streams  covered 
by  this  Order,  all  of  Categories  5  and  8  and  parts  of  Categories 
2,  3,  and  11  from  the  Atl as/Ti tan/CCF  will  be  affected.  Within  a 
few  years  (by  the  time  the  STS  becomes  operational  at  VAFB)  ,  land 
disposal  of  these  wastes  will  be  prohibited.  In  the  interim,  the 
State  of  California  is  considering  imposing  higher  fees  on  the 
land  disposal  of  these  wastes  until  such  time  as  the  land  dis¬ 
posal  ban  is  implemented. 

Suggested  landfill  alternatives  include  waste  reduction; 
waste  recycling;  physical,  chemical,  and  biological  treatment; 
high-temperature  incineration;  and  solidification/stabilization. 
Details  on  the  implementation  of  the  Executive  Order  are  still 
forthcoming,  and  major  changes,  some  of  which  could  affect  the  SD 
wastes,  are  possible.  However,  the  analysis  presented  in  this 
report  is  based  on  the  assumption  that  land  disposal  in  Califor¬ 
nia  will  no  longer  be  permitted  for  those  wastes  specified  in  the 
Executive  Order.  Out-of-state  land  disposal  is  still  a  possibil¬ 
ity. 
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668057.3  80004.6  1670143.3  £00011.5  668057.3  80004.6  1336114.5  160009. 


TABLE  3.  BASELINE  WASTE  GENERATION  FOR  TITAN  AND  ATLAS  PROGRAMS  BV  TREATMENT  CATEGORY 
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4.  IMPACTS  OF  TITAN,  ATLAS,  AND  CCF  WASTES  ON  STS  HAZARDOUS 
WASTE  MANAGEMENT 

The  contribution  of  wastes  generated  by  the  Atlas,  Titan, 
and  CCF  facilities  to  the  total  SD  waste  load  is  shown  in  Table 

5.  It  should  be  noted  that  the  treatment  systems  discussed  in 
the  Space  Shuttle  report  were  based  on  a  maximum  of  15  launches 
per  year,  whereas  the  more  recent  projection  is  10  launches  per 

year. 


In  view  of  the  Executive  Order,  it  should  be  emphasized  that 
under  California  law  (Title  22,  Division  4,  Chapter  30,  Article 
12),  some  hazardous  wastes  are  considered  recyclable.  If  these 
wastes  are  not  recycled,  the  State  Department  of  Health  may 
request  that  the  Air  Force  provide  written  justification  for  not 
having  recycled  the  wastes. 

Table  6  lists  the  recoverable  hazardous  wastes  generated  by 
Titan  and  Atlas  operations  at  VAFB ,  and  their  acceptance  by  some 
of  the  major  chemical  reclamation  companies  in  California.  The 
economics  of  recycling  contaminated  solvents  vary  widely  depend¬ 
ing  on  the  demand  for  the  reclaimed  product.  For  example,  the 
Air  Force  would  pay  for  any  solvent  reclaimed  for  its  use.  If, 
however,  the  reclaimer  intends  to  sell  the  purified  product,  the 
Air  Force  might  be  paid  for  the  waste,  with  the  fee  variable 
depending  on  the  demand  for  the  reclaimed  solvent. 

All  cost  figures  presented  in  the  original  Space  Shuttle 
report  were  based  on  wastes  generated  from  15  STS  launches  per 
year.  Because  of  the  revised  shuttle  launch  schedule,  the  com¬ 
bined  SD  waste  totals  nowhere  exceed  those  earlier  estimates. 
Thus,  it  is  not  anticipated  that  the  addition  of  Atlas,  Titan, 
and  CCF  wastes  to  the  STS  waste  load  will  create  any  new  expenses 
or  overburden  planned  facilities.  Furthermore,  treatment/stor¬ 
age/disposal  facilities  designed  to  handle  the  maximum  STS  waste 
load  (even  at  10  launches  per  year)  should  be  able  to  accommodate 
the  added  SD  wastes.  The  various  programs  overlap  only  in  the 
early  years  of  the  STS  program  when  the  number  of  flights  is 
fewer  than  10  per  year.  The  combined  yearly  totals  seldom  exceed 
the  maximum  STS  waste  load. 

In  addition,  there  are  already  transport,  storage,  treat¬ 
ment,  and  disposal  arrangements  for  most  of  the  existing  Atlas, 
Titan,  and  CCF  wastes.  Many  of  these  could  be  easily  integrated 
into  the  STS  waste  management  plan  with  no  additional  costs. 

Areas  of  concern  regarding  SLC  3,  SLC  4,  and  CCF  wastes  are 
as  f ol 1 ows : 

•  Deluge  water  (SLC  4). 

•  Waste  alcohol  contaminated  with  hydrazine  (SLC  4). 
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TABLE  5 


* 


COMPARATIVE  BASELINE  WASTE  GENERATION  FOR  SD  PROGRAMS 
BY  TREATMENT  CATEGORY  (kg) 


1939-1994 

Cat. 

Program 

1932 

1983 

1984 

1985 

1986 

1937 

1933 

(per  /ear) 

1 

Freon 

STS  (15 

n 

0 

0 

9,510 

14,266 

23,776 

35,664 

35,564 

launches/yr) 

STS  (10) 

0 

0 

0 

9,510 

14,256 

23,776 

23,776 

23,775 

TAC 

0 

n 

0 

0 

0 

0 

0 

0 

2 

MypergoMc 

Fuels/Fuel 

-Contami nated 

Water  and 

A1 cohol 

STS  (15) 

0 

0 

0 

20,243 

30,364 

50,607 

75,910 

75,910 

STS  (10) 

0 

0 

0 

20,243 

30,364 

50,607 

50,607 

50,507 

e 

rAC 

5,943 

14,372 

5,948 

11*897 

0 

9 

0 

0 

3 

Group  I  Hydrocarbons 

STS  (15) 

0 

0 

0 

2,063 

3,094 

5,157 

7,735 

7,735 

STS  (10) 

n 

0 

0 

2,063 

3,094 

5,157 

5,157 

'5,157 

T  AC 

1,694 

1,694 

1,694 

1,694 

1,694 

847 

347 

347 

5 

Group  [I  Hydrocarbons 

‘i.  * 

STS  (15) 

n 

0 

0 

23,584 

44,122 

53,962 

38,443 

38,443 

STS  (10) 

0 

0 

0 

23,584 

44,122 

53,962 

53,962 

53,962 

TftC 

7,892 

7,892 

7,392 

3,745 

8,745 

5,652 

5  ,552 

2,560 

3 

Aqueous  Solutions  Contaminated  with 

Metals 

STS  (15) 

0 

0 

0 

641 

961 

1,602 

2,403 

2,403 

STS  (10) 

0 

0 

0 

.  641 

961 

1,502 

1,602 

1,602 

• 

TAC 

276,310 

276,310 

275,310 

414,465 

414,465 

414,465 

414,465 

414,465 

5 

SP3  3inse  Waters 

STS  (15) 

0 

0 

0 

991,969 

1,487,953 

2,479,922 

3,719,383 

3,719,383 

STS  (10) 

0 

0 

0 

991,969 

1,487,953 

2,479,922 

2,479,922 

2., 479, 922 

TAC 

0 

0 

0 

0 

0 

0 

0 

n 

10 

Oxidizer/Acids,  3ases 

€ 

STS  (15) 

n 

0 

0 

15,423,615 

23,135,422 

33,559,041 

57,333,561 

57,838,561 

STS  (10) 

0 

0 

0 

15,423,616 

23,135,422 

38,559,041 

38,559,041 

38,559,041 

TAC 

1,684,583 

2,139,130 

1,684,583 

2,678,389 

2,072,327 

2,072,336 

2,072,336 

2,072,324 

tl 

Fuel  Vapor 

Scrubber  Liquors 

STS  (15) 

0 

0 

0 

15,517 

23,275 

33,792 

58,188 

53,188 

STS  (10) 

0 

0 

0 

15,517 

23,275 

38,792 

38,792 

38,792 

f P 

TAC 

762 

1,327 

762 

1,139 

386 

193 

193 

0 

13 

Combustibl e 

Solids 

STS  (15) 

0 

0 

0 

14,124 

21,187 

35,310 

52,965 

52,965 

STS  (10) 

0 

0 

0 

14,124 

21,187 

35,310 

35,310 

35,310 

TAC 

437 

924 

437 

760 

107 

54 

0 

0 

14 

Noncombustible  Solids 

f 

STS  (15) 

0 

0 

0 

2,527 

3,791 

5,319 

9,478 

9,478 

STS  (10) 

0 

0 

0 

2,527 

3,791 

6,319 

6,319 

6,319 

TAC 

0 

0 

0 

0 

0 

0 

0 

0 
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Reclaimer  takes  waste  for  free  or  purifies  it  for  reuse  for  a  fee. 


•  Metal  finishing  wastes  containing  chromium  and  cyanide 
(CCF ) . 

At  the  present  time,  the  CCF's  metal  finishing  wastes  are 
being  treated  and  discharged  to  the  sewer  system,  ’ addi ng  no  new 
treatment  burden  to  $D  operations.  However,  it  may  be  necessary 
to  acquire  RCRA  treatment  facility  permits  for  the  CCF;  this 
could  conceivably  entail  some  upgrading  of  the  CCF  facilities. 

The  Titan  deluge  water  is  another  area  of  concern.  If  the 
deluge  water  is  deemed  hazardous  under  RCRA,  or  if  it  exceeds 
NPDES  standards  and  site  hydrogeology  indicates  hydraulic  con¬ 
tinuity  with  the  Lompoc  aquifer,  the  simple  discharge  to  grade 
will  no  longer  be  allowed.  Under  such  circumstances,  an  engi¬ 
neered  treatment/disposal  system  (i.e.,  evaporation  basin, 
reverse  osmosis,  or  ocean  outfall)  will  be  necessary  over  the 
remaining  life  of  the  Titan  program. 

Detailed  deluge  water  analyses  and  hydrogeological  studies 
are  needed  to  establish  whether  a  problem  exists  and  how  best  to 
approach  it.  Deluge  water  could  be  piped  to  the  evaporation 
basin  at  SLC  6;  the  appropriate  piping  installation  would  cost 
about  $125,000  (1981  dollars).  This  does  not  alleviate  the  im¬ 
mediate  problem,  however,  as  the  SLC  6  facility  will  not  be 
operational  until  1985,  and  the  Titan  launch  program  will  end 
shortly  thereafter.  By  comparison,  the  installation  of  simple 
gravity  flow  pipelines  to  ocean  outfalls  would  cost  about  $12,000 
at  SLC  4. 

An  evaporation  basin  could  be  constructed  at  SLC  4.  A 
simple  100,000-gallon  basin  with  60-cm  freeboard,  elastomeric 
membrane  liner,  and  leachate  collection  system  could  be  con¬ 
structed  for  about  $25,000  (1981  dollars).  As  a  new  facility, 
this  basin  would  not  be  covered  under  existing  permits. 

It  might  also  be  possible  to  treat  the  water  to  a  sufficient 
degree  to  discharge  it  to  grade.  A  package  treatment  system, 
such  as  reverse  osmosis,  could  be  installed  at  the  SLC  for  the 
duration  of  the  planned  launch  activities.  Reverse  osmosis  could 
provide  a  water  of  sufficient  quality  to  be  discharged  to  grade 
or  to  the  ocean.  A  single  reverse  osmosis  system,  including  pre¬ 
treatment  to  remove  particulates  and  scale-forming  contaminants 
and  to  adjust  pH,  could  be  installed  for  $15,000  to  $20,000. 

This  system  is  known  to  remove  any  heavy  metals  and  some  organ¬ 
ics;  however,  most  of  the  organics  are  not  removed. 

Unlike  evaporation  basins,  reverse  osmosis  has  a  significant 
annual  operating  and  maintenance  cost  component,  with  estimates 
ranging  from  $3,200  to  $7,200  per  year.  This  includes  power  (20 
kWh  per  1,000  gallons)  and  labor  (10  hours  per  month).  In  addi¬ 
tion,  special  training  is  required  to  operate  the  system.  At 
best,  the  system  recovers  90  percent  (by  volume  of  the  total 
wastewater  quantity)  of  the  good  quality  water;  the  remaining  10 
percent  or  more  consists  of  concentrated  brine  and  sludge  (from 


pretreatment  operations).  Neither  can  be  disposed  of  to  grade  or 
in  the  ocean.  Thus,  the  brine  and  sludge  would  probably  nave  to 
be  drummed  and  transported  to  a  suitable  disposal  facility  else¬ 
where. 


The  waste  alcohol  contaminated  with  hydrazine  from  SLC  4 
also  adds  a  new  disposal  burden.  Again,  there  is  no  comparable 
STS  waste  stream,  and  no  waste  management  schemes  were  developed 
with  this  waste  in  mind.  With  land  disposal  in  California  soon 
to  be  prohibited,  the  remaining  options  include  solvent  recovery, 
incineration,  or  transport  to  an  out-of-state  disposal  facility. 


SECTION  2 


INTRODUCTION 


1.  BACKGROUND 

In  July  1981,  a  report  was  prepared  for  the  Department  of 
the  Air  Force,  HQ  Space  Division  (DEV),  which  presented  a  pro¬ 
jected  hazardous  waste  inventory  for  the  Space  Transportati on 
System  (STS)  at  Vandenberg  Air  Force  Base  ( VAFB )  (1),  and  an 
assessment  of  the  treatment  and  disposal  options  available  for 
these  wastes  (2).  A  number  of  feasible  treatment/disposal 
alternatives  and  their  estimated  costs  were  developed  for  the 
report. 

The  purpose  of  Volume  I  of  this  report  is  to  present  an  in¬ 
ventory  of  hazardous  wastes  generated  by  the  other  Space  Division 
(SD)  facilities  in  a  format  compatible  with  the  STS  inventory. 
This  volume  presents  an  assessment  of  the  potential  effects  of 
these  additional  wastes  on  the  treatment/disposal  options  consid¬ 
ered  for  the  STS  wastes,  including  the  associated  cost  estimates. 

The  facilities  covered  in  this  report  are  the  Atlas  and 
Titan  Launch  Facilities  (SLC  3  and  SLC  4,  respectively)  and  the 
Bionetics  Component  Cleaning  Facility  (CCF).  Although  the  CCF  is 
not  an  SD  facility,  it  is  included  since  a  major  portion  of  its 
work  load  involves  SD  systems  (the  percentage  will  increase  sub¬ 
stantially  when  the  STS  becomes  fully  operational  at  VAFB). 

2.  REPORT  ORGANIZATION 

In  devising  the  STS  hazardous  waste  inventory  and  evaluating 
management  alternatives,  it  was  necessary  to  group  the  wastes  in¬ 
to  a  series  of  treatment  categories.  A  treatment  category  essen¬ 
tially  consists  of  all  wastes  of  similar  physical  and  chemical 
properties  which  can  be  treated  or  disposed  of  with  the  same 
technologies.  From  this  classification,  the  different  facilities 
and  handling  systems  required  by  each  group  can  be  determined. 

All  wastes  within  a  group  are  compatible  with  each  other,  and 
each  group's  compatibility  with  wastes  in  other  groups  must  be 
assessable  in  order  to  organize  handling  procedures.  A  discus¬ 
sion  of  hazardous  waste  grouping  into  treatment  categories  is 
provided  in  Section  3. 

In  the  interim  between  the  compilation  of  this  inventory  and 
the  completion  of  the  STS  inventory  and  waste  management  assess¬ 
ment,  there  have  been  several  changes  in  the  laws  and  regulations 
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affecting  hazardous  waste  management.  One  in  particular,  a  State 
of  California  Executive  Order  (3,  4),  will  have  an  immediate  im¬ 
pact  on  the  planning  for  treatment/disposal  facilities.  The  im¬ 
plications  of  this  order  for  SD  hazardous  waste  planning  will  be 
discussed  more  completely  in  Section  4. 

Section  5  presents  a  detailed  discussion  of  the  technical 
and  economic  impacts  of  the  additional  SD  wastes  on  those  treat¬ 
ment  and  disposal  alternatives  considered  for  the  STS  program. 

For  this  discussion,  it  is  assumed  that  these  alternatives  will 
be  developed  primarily  for  the  STS;  thus,  any  impacts  caused  by 
other  SD  activities  will  be  evident  only  from  1985  on.  That  is, 
whereas  the  Atlas  and  Titan  Launch  Facilities  and  the  CCF  are 
currently  operating  and  generating  wastes,  no  STS  hazardous 
wastes  will  be  generated  at  VAFB  until  1985.  The  current  waste 
load  is  already  covered  under  existing  hazardous  waste  management 
plans  which  must  be  expanded  to  handle  STS  wastes. 

The  treatment/di spo sal /ma nagement  schemes  presented  in  Vol¬ 
ume  II  of  the  STS  inventory  (2)  were  developed  exclusively  for 
STS  wastes.  The  purpose  of  the  discussion  in  Section  5  of  this 
report  is  to  determine  whether  the  same  schemes  could  be  used  to 
^  handle  the  combined  SD  waste  streams  within  the  economic  frame¬ 
work  developed  in  the  STS  report. 

The  cost  estimates  in  the  STS  report  were  based  on  waste 
emissions  from  15  STS  launches  per  year.  Subsequently,  however, 
the  maximum  number  of  planned  STS  launches  from  VAFB  has  been 
reduced  from  15  to  10  per  year.  Reducing  the  number  of  launches 
by  one-third  will  have  a  sizable  impact  on  many  of  the  original 
STS  waste  cost  estimates.  However,  it  is  not  within  the  scope  of 
this  report  to  readjust  those  cost  figures.  Where  new  costs 
induced  by  added  Titan  and  Atlas  wastes  are  offset  by  reductions 
in  STS  wastes,  this  fact  will  be  noted.  Otherwise,  the  decrease 
in  STS  launches  will  not  affect  this  discussion. 
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SECTION  3 


TITAN,  ATLAS,  AND  CCF  HAZARDOUS  WASTE  CHARACTERIZATION 


1.  INTRODUCTION 

An  essential  step  in  any  discussion  of  treatment,  reuse, 
and/or  disposal  of  hazardous  wastes  from  SD  operations  is  the 
grouping  of  similar  wastes  into  treatment  categories.  Many  of 
these  wastes  are  compatible  in  terms  of  their  chemical  and  physi 
cal  properties,  and  as  such  can  be  readily  mixed  and  treated  or 
disposed  of  together.  These  wastes  then  constitute  a  treatment 
category . 

The  procedure  used  to  develop  treatment  categories  for  the 
'  Titan  and  Atlas  hazardous  wastes  at  VAFB  was  analogous  to  that 
used  for  the  STS  wastes.  Namely,  those  categories  already  de¬ 
fined  for  Kennedy  Space  Center  (KSC)  (5)  were  used  to  the  extent 
possible  to  facilitate  comparisons  between  the  two  sites.  The  15 
treatment  categories  are  as  follows: 

t  Category  1:  Recoverable  Freon  Wastes. 

•  Category  2:  Hypergolic  Fuels  and  Hypergolic  Fuel- 
Contaminated  Water  and  Alcohol. 

•  Category  3:  Group  I  Hydrocarbon  Wastes. 

•  Category  4:  Bilge  Water  and  Water  Contaminated  with  Oil 

•  Category  5:  Group  II  Hydrocarbon  Wastes. 

•  Category  6:  Recoverable  Silver  Wastes. 

•  Category  7:  Recoverable  Mercury  Wastes. 

•  Category  8:  Acids,  Bases,  and  Aqueous  Solutions 
Contaminated  with  Metal  Ions. 

•  Category  9:  Solid  Rocket  Booster  ( SRB)  Rinse  Waters. 

t  Category  10:  Acidic  and  Basic  Wastes  Which  Contain  No 
Significant  Metal  Ions  (Plus  Oxidizer  Wastes). 

•  Category  11:  Fuel  Vapor  Scrubber  Wastes. 

•  Category  12:  Oxidizer  Vapor  Scrubber  Wastes. 
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•  Category  13:  Combustible  Solids. 

•  Category  14:  Noncombustible  Solids.  m 

•  Category  15:  Miscellaneous  Wastewaters. 

Categories  6,  7,  and  12  have  no  counterpart  SD-VAFB  waste, 
and  thus  are  not  used  in  this  report. 

2.  WASTE  GENERATION  BY  TREATMENT  CATEGORIES  * 

The  treatment  categories  are  described  in  more  detail  in 
Section  5.  Table  7  presents  a  list  of  the  Atlas,  Titan,  and  CCF 
hazardous  wastes  by  treatment  category,  showing  the  baseline 
quantities.  Tables  8,  9,  and  10  present  summary  annual  waste  $ 

generation  rates  by  treatment  category  for  SLC  3,  SLC  4,  and  CCF, 
respectively.  Table  11  gives  the  combined  totals  for  all  three 
facilities.  It  should  be  noted  that  Tables  8  through  11  only 
cover  the  period  through  1988.  Based  on  the  launch  schedule  data 
provided  to  SCS,  there  will  be  no  Titan  and  Atlas  launches  after 
1988.  The  CCF  waste  quantities  shown  for  1987  and  1988  presum-  f 

;  ably  will  not  change  greatly  through  1994. 
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<  PLUS  OXIDIZER  WASTES  > 

FUEL  VAPOR  SCRUBBER  WASTES 
COMBUSTIBLE  SOLIDS 
MOMCONBUSTIBLE  SOLIDS 
MISCELLANEOUS  WASTEWATERS 


SECTION  4 


RECENT  REGULATORY  CONSTRAINTS 


On  October  13,  1981,  the  Governor  of  California  signed  an 
Executive  Order  designed  to  eliminate  the  land  disposal  of  pesti¬ 
cides,  PCB's,  cyanides,  toxic  metal  wastes,  halogenated  organics, 
and  non-hal ogenated  volatile  organics  (3).  This  Order  was  promp¬ 
ted  by  a  report  from  the  Office  of  Appropriate  Technology  (OAT) 
entitled,  "Alternatives  to  the  Land  Disposal  of  Hazardous  Wastes: 
An  Assessment  for  California"  (4). 

Given  the  general  descriptions  of  the  waste  streams  covered 
by  this  Order,  all  of  Categories  5  and  8  and  parts  of  Categories 
/  2,  3,  and  11  from  the  Atlas/Ti tan/CCF  will  be  affected.  Within  a 

few  years  (by  the  time  the  STS  becomes  operational  at  VAFB),  land 
disposal  of  these  wastes  will  be  prohibited.  In  the  interim,  the 
State  of  California  is  considering  imposing  higher  fees  on  the 
.land  disposal  of  these  wastes  until  such  time  as  the  land  dis¬ 
posal  ban  is  implemented. 

Suggested  OAT  landfill  alternatives  include  waste  reduction; 
waste  recycling;  physical,  chemical,  and  biological  treatment; 
high-temperature  incineration;  and  solidification/stabilization. 
At  the  same  time,  OAT  admits  that  these  technologies  have  not 
been  widely  used  in  California,  and  more  facilities  will  thus  be 
needed  to  handle  these  wastes.  Details  on  the  implementation  of 
the  Executive  Order  are  still  forthcoming,  and  major  changes, 
some  of  which  could  affect  the  SD  wastes,  are  possible.  However, 
the  analysis  presented  in  Section  5  is  based  on  the  assumption 
that  land  disposal  in  California  will  no  longer  be  permitted  for 
those  wastes  specified  in  the  Executive  Order.  Out-of-state  land 
di s posal  is  still  a  possibility. 
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SECTION  5 


IMPACTS  OF  TITAN,  ATLAS,  AND  CCF  WASTES  ON  STS 
HAZARDOUS  WASTE  MANAGEMENT 


1.  INTRODUCTION 

In  this  section,  each  hazardous  waste  category  will  be  dis¬ 
cussed  in  terms  of  the  contribution  of  wastes  generated  by  the 
Atlas,  Titan,  and  CCF  facilities  to  the  total  SD  waste  load,  and 
the  concomitant  impacts  on  treatment,  recovery,  and  disposal  op¬ 
tions.  Those  management  systems  designed  for  the  STS  program 
will  be  evaluated  to  determine  if  they  adequately  meet  any  ad¬ 
ditional  demands  placed  on  them  by  other  SD  wastes.  Again,  it 
should  be  noted  that  the  treatment  systems  discussed  in  the  Space 
Shuttle  report  were  based  on  a  maximum  of  15  launches  per  year, 
whereas  the  more  recent  projection  is  10  launches  per  year. 

Tables  A-l  and  A-2  (Appendix  A)  give  a  combined  inventory  of 
all  SD  wastes  arranged  by  treatment  category  with  a  summary  for 
each  year  of  the  program  and  the  percent  of  the  total  waste  load 
contributed  by  the  Atlas,  Titan,  and  CCF  facilities.  The  summary 
table  (A-2)  is  based  on  the  new  schedule  of  10  launches  per  year. 
Table  12  presents  a  comparison  of  SD-generated  wastes  under  both 
launch  schedules. 

In  view  of  the  Executive  Order,  it  should  be  emphasized  that 
under  California  law  (Title  22,  Division  4,  Chapter  30,  Article 
12),  some  hazardous  wastes  are  considered  recyclable.  If  these 
wastes  are  not  recycled,  the  State  Department  of  Health  may  re¬ 
quest  that  the  Air  Force  provide  written  justification  for  not 
having  recycled  the  wastes. 

Table  13  lists  some  of  the  major  chemical  reclamation  compa¬ 
nies  in  California.  The  economics  of  recycling  contaminated  sol¬ 
vents  vary  widely  depending  on  the  demand  for  the  reclaimed  prod¬ 
uct.  For  example,  the  Air  Force  would  pay  for  any  solvent  re¬ 
claimed  for  its  use.  If,  however,  the  reclaimer  intends  to  sell 
the  purified  product,  the  Air  Force  might  be  paid  for  the  waste, 
with  the  fee  variable  depending  on  the  demand  for  the  reclaimed 
solvent.  Values  of  such  recoverable  wastes  are  given  in  Table 
14. 
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2.  CATEGORY  1:  FREON  WASTES 


The  only  identified  source  of  waste  freon  from  the  Titan  and 
Atlas  facilities  is  SCAPE  suit  cleaning.  Some  freon  is  used  for 
vapor  degreasing,  but  this  process  generates  no  waste  products. 
The  amounts  of  freon  wastes  are  negligible  by  comparison  to  the 
quantities  generated  by  STS  operations. 


3.  CATEGORY  2:  HYPERGOIIC  FUEL  WASTES  AND 
CONTAMINATED  WATER  AND  ALCOHOL 


HYPERGOLIC  FUEL- 


For  the  purposes  of  treatment  and  disposal  evaluations,  this 
category  can  be  divided  into  two  subcategories:  (a)  fuel  wastes, 
and  (b)  wastewaters/alcohols  contaminated  with  hypergolic  fuels.* 

The  only  year  in  which  all  SD  facilities  can  be  expected  to 
generate  wastes  is  1985.  In  this  year,  41  percent  (by  volume)  of 
the  wastes  will  be  generated  from  SLC  4.  However,  because  of 
increasing  numbers  of  STS  launches  per  year,  the  SD  Category  2 
waste  load  is  expected  to  increase  by  over  50  percent  after  the 
Titan  launches  cease. 


Over  99  percent  of  the  Titan  Category  2  waste  is  Category 
2b;  75  percent  of  this  is  al cohol -based ,  whereas  most  of  the  STS 
2b  wastes  are  water-based.  The  types  of  phy s i cal /chemi cal  treat¬ 
ments  under  consideration  for  f uel -contami nated  water  at  VAFB 
will  be  inadequate  to  handle  the  alcohol  wastes.  Since  land  dis¬ 
posal  in  California  has  been  ruled  out,  only  incineration,  sol¬ 
vent  recovery,  and  out-of-state  land  disposal  are  available  as 
options.  The  impact  of  these  wastes  on  storage/transfer  and 
incineration  facilities  will  be  discussed  later. 

4.  CATEGORY  3:  GROUP  I  HYDROCARBON  WASTES 

Category  3  includes  petroleum-based  lubricants,  greases, 
motor  oils,  gasoline,  and  fuels  from  equipment  maintenance  and 
spills,  and  Group  I  hydrocarbon  solvents  (i.e.,  unsubstituted 
solvents  such  as  heptane).  In  1985,  wastes  from  SLC  3  will  con¬ 
stitute  almost  50  percent  of  the  SD  Category  3  waste  load.  This 
will  decrease  to  about  one-third  in  1986,  one-seventh  in  1987  and 
1988,  and  none  thereafter.  Most  of  the  STS  Category  3  wastes  are 
recyclable;  99  percent  of  the  SLC  3  wastes  are  not.  The  major 
component  of  the  SLC  3  Category  3  wastes  is  sludge  from  the  Atlas 
RP-1  fuel  tanks*  Again,  land  disposal  will  probably  not  be  per- 
mitted  in  California.  Incineration  is  the  most  likely  alterna¬ 
tive. 

5.  CATEGORY  4:  BILGE  WASTES 

No  bilge  wastes  are  produced  at  SLC  3,  SLC  4,  or  CCF. 


6.  CATEGORY  5:  GROUP  II  HYDROCARBON  WASTES 

Category  5  includes  halogenated  hydrocarbon  solvents,  clean¬ 
ing  solvents,  paints  and  paint  wastes,  paint  strippers,  etc.  SLC 
3  will  produce  Category  5  wastes  through  1988,  and  the  CCF  will 
generate  these  wastes  through  1994.  Approximately  95  percent  (by 
volume)  of  these  wastes  are  solvents,  and  are  thus  considered  re¬ 
cyclable.  The  other  viable  option  is  incineration.  Since  the 
combined  Category  5  waste  totals  of  SLC  3,  CCF,  and  STS  (the  lat¬ 
ter  at  10  launches  per  year)  never  exceed  the  totals  presented  in 
the  first  STS  inventory  (based  on  15  launches  per  year),  the  ad¬ 
ditional  wastes  are  not  expected  to  have  any  noticeable  impact  on 
the  management  of  Category  5  wastes. 

7.  CATEGORY  8:  ACIDS,  BASES,  AND  AQUEOUS  SOLUTIONS  CONTAMINATED 
WITH  METAL  IONS 

The  CCF  produces  over  99  percent  of  all  SD  Category  8 
wastes.  These  consist  of  metal  finishing  wastewaters  containing 
chromium  and  cyanide.  The  CCF  is  currently  treating  these  wastes 
in-house,  and  discharging  the  treated  wastewaters  to  the  sewer 
system.  Because  of  ambiguities  in  the  hazardous  waste  regula- 
/  tions,  there  is  some  uncertainty  as  to  whether  these  wastewaters 
should  be  considered  hazardous  wastes  or  industrial  wastewater 
discharges  covered  under  existing  wastewater  regulations.  An  ERA 
ruling  will  be  required  for  clarification.  It  is  possible  that 
the  CCF  will  need  an  RCR A  permit  to  operate  as  a  hazardous  waste 
treatment  facility,  in  which  case  it  will  be  required  to  meet  the 
appropriate  regulations.  In  any  case,  as  long  as  the  CCF  treats 
its  own  Category  8  wastewaters,  these  wastes  will  not  affect  the 
SD  waste  management  plans. 

8.  CATEGORY  9:  SRB  RINSE  WATERS 

No  SRB  rinse  waters  are  generated  at  SLC  3,  SLC  4,  or  CCF. 

9.  CATEGORY  10:  ACID  AND  BASE  SOLUTIONS  NOT  CONTAMINATED  WITH 
METAL  IONS 

Category  10  includes  general  acid  and  base  wastewaters  low 
in  organics  and  metals.  This  includes  waste  oxidizer  and  waste- 
waters  containing  oxidizer.  For  treatment  and  disposal  purposes, 
it  is  helpful  to  divide  the  category  into  three  subcategories: 

(a)  waste  oxidizer;  (b)  wastewaters  containing  oxidizer;  and  (c) 
general  acid/base  wastewaters,  including  deluge  waters.  SLC  3, 
SLC  4,  and  CCF  do  not  contribute  a  significant  portion  of  the 
total  Category  10  wastes.  However,  almost  all  of  the  Category  10 
wastes  consist  of  SLC  4  deluge  water  and  caustic  wastewaters  from 
CCF.  The  deluge  water  at  SLC  3  has  been  shown  to  be  nonhazardous 
through  detailed  chemical  analyses  (see  Volume  1).  Consequently, 
it  is  excluded  from  all  discussions  in  this  volume.  At  the  pres¬ 
ent  time,  the  deluge  water  is  being  discharged  to.  grade,  and  the 
caustic  wastewaters  are  neutralized  and  discharged  to  the  sewer 
system.  Thus,  at  present,  they  do  not  directly  impact  the  treat¬ 
ment/disposal  alternatives  under  consideration  for  the  STS. 
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However,  the  deluge  water  may  pose  new  t reatment/di sposa 1 
problems.  There  is  some  question  as  to  whether  the  discharge  of 
the  deluge  water  to  grade  is  permissible.  SLC  4  overlies  a  geo¬ 
logic  area  conterminous  with  the  principal  Lompoc  ground  water 
supply  aquifer.  Without  further  geologic  and  soils  testing,  how¬ 
ever,  it  is  impossible  to  determine  whether  the  SLC  is  in  hy¬ 
draulic  continuity  with  the  aquifer,  or  to  what  degree  the  deluge 
water  migrates  through  the  soil  rather  than  evaporates.  Also, 
without  detailed  analyses  of  the  deluge  water,  it  is  impossible 
to  determine  whether  it  even  constitutes  a  threat  to  the  aquifer. 
If  the  water  contains  no  toxic  or  hazardous  pollutants,  then  they 
pose  no  problem.  In  the  absence  of  more  complete  knowledge  of 
the  hydrogeology  or  chemical  composition  of  the  deluge  water,  it 
might  be  necessary  to  install  regularly  lined  and  bermed  evapora¬ 
tion  basins  below  the  SLC.  Another  possibility,  if  the  water 
meets  NPDES  standards,  is  ocean  discharge. 

This  problem  can  be  resolved  by  conducting  (1)  a  complete 
chemical  characterization  of  the  deluge  water,  and  (2)  extensive 
hydrogeological  testing.  There  are  several  potential  options 
available  for  the  treatment/disposal  of  the  wastewater;  selection 
among  them  will  largely  be  based  on  a  number  of  regulatory  con¬ 
straints  which  may  or  may  not  be  applicable,  depending  on  the 
chemical  makeup  of  the  deluge  water.  The  deluge  water  cannot  be 
disposed  of  in  such  a  way  as  to  degrade  the  quality  of  a  water 
supply  aquifer  by  contaminating  it  with  toxic  materials,  or  ad¬ 
versely  affect  the  natural  ocean  environment.  Thus,  a  graded 
selection  of  disposal  options  exists,  with  selection  controlled 
by  the  character  of  the  wastewater.  If  no  contaminants  are  found 
in  the  water,  continued  disposal  to  grade  may  be  justifiable. 

Low  levels  of  contamination  could  preclude  uncontrolled  surface 
discharge,  but  slow-release  ocean  discharge  might  still  be  ac- 
ceptable.  Higher  levels  of  contamination  would  dictate  either 
waste  treatment  or  hydrogeol ogi cal ly  isolated  disposal  facili¬ 
ties. 


Disposal  site  hydrogeology  plays  another  important  role.  If 
it  can  be  established  through  extensive  hydrogeological  testing 
that  the  disposal  site  is  not  in  hydraulic  continuity  with  the 
aquifer  and  that  past  wastewater  disposal  has  not  affected  water 
quality,  then  continued  discharge  to  grade  might  be  acceptable, 
even  if  moderately  contaminated.  This  is  a  distinct  possibility 
in  view  of  the  projected  cessation  of  launch  activities  at  SLC  4 
in  the  near  future.  A  short-term  variance  might  be  granted,  al- 
though  not  without  some  stipulation  for  sophisticated  monitoring* 

If  the  wastewater  quality  or  site  hydrogeology  preclude  sim¬ 
ple  discharge,  several  treatment/disposal  options  exist.  The 
deluge  water  could  be  piped  to  the  evaporation  basin  at  SLC  6. 

The  appropriate  piping  installation  would  cost  about  $125,000 
(1981  dollars).  This  does  not  alleviate  the  immediate  problem, 
however,  as  the  SLC  6  facility  will  not  be  operational  until 
1985,  and  the  Titan  and  Atlas  launch  programs  will  end  shortly 


thereafter.  By  comparison,  the  installation  of  simple  gravity 
flow  pipelines  to  ocean  outfalls  would  cost  about  $12,000  at  SLC 

4. 

An  evaporation  basin  could  be  constructed  at  the  SLC.  A 
simple  100,000-gallon  basin  with  60-cm  freeboard,  elastomeric 
membrane  liner,  and  leachate  collection  system  could  be  con¬ 
structed  for  about  $25,000  (1981  dollars).  As  a  new  facility, 
this  basin  would  not  be  covered  under  existing  permits. 

It  might  also  be  possible  to  treat  the  water  to  a  sufficient 
degree  to  discharge  it  to  grade.  A  package  treatment  system, 
such  as  reverse  osmosis,  could  be  installed  at  each  SLC  for  the 
duration  of  the  planned  launch  activities.  Reverse  osmosis  could 
provide  a  water  of  sufficient  quality  to  be  discharged  to  grade 
or  to  the  ocean.  A  single  reverse  osmosis  system,  including  pre- 
treatment  to  remove  particulates  and  scale-forming  contaminants 
and  to  adjust  pH,  could  be  installed  for  $15,000  to  $20,000. 

This  system  is  known  to  remove  any  heavy  metals  and  some  organ¬ 
ics;  however,  most  of  the  organics  are  not  removed.  Unlike  eva¬ 
poration  basins,  reverse  osmosis  has  a  significant  annual  operat¬ 
ing  and  maintenance  cost  component,  with  estimates  ranging  from 
'  $3,200  to  $7,200  per  year.  This  includes  power  (20  kWh  per. 1,000 

gallons)  and  labor  (10  hours  per  month).  In  addition,  special 
training  is  required  to  operate  the  system.  At  best,  the  system 
recovers  90  percent  (by  volume  of  the  total  wastewater  quantity) 
of  the  good  quality  water;  the  remaining  10  percent  or  more  con¬ 
sists  of  concentrated  brine  and  sludge  (from  pretreatment  opera¬ 
tions).  Neither  can  be  disposed  of  to  grade  or  in  the  ocean. 
Thus,  the  brine  and  sludge  would  probably  have  to  be  drummed  and 
transported  to  a  suitable  disposal  facility  elsewhere. 

10.  CATEGORY  11:  FUEL  VAPOR  SCRUBBER  WASTES 

Category  11  includes  effluent  from  hypergolic  fuel  vapor 
scrubbers.  Both  SLC  3  and  SLC  4  have  scrubbers.  The  scrubber  at 
SLC  4  contains  50  gallons  of  water  and  1  gallon  of  38  percent  HC1 
(pH  <1).  The  chemical  treatment  method  suggested  for  STS  Cate¬ 
gory  11  wastes  should  be  equally  effective  with  the  SLC  wastes. 
Furthermore,  the  additional  quantity  (less  than  10  percent  of  the 
total)  should  place  no  burdens  on  the  system  described  therein 
(see  Table  24,  Space  Shuttle  report)  (2).  The  only  additional 
cost  would  be  that  for  transporting  the  waste  (one  55-gallon  drum 
per  launch  per  SLC)  to  the  treatment  facility. 

11.  CATEGORY  13:  COMBUSTIBLE  SOLID  WASTES 

Operations  at  both  SLC's  generate  small  quantities  of  rags 
soaked  in  solvents  or  oils.  They  do  not  contribute  greatly  to 
the  overall  Category  13  waste  load  (only  5  percent  in  1985,  and 
less  thereafter).  Thus,  their  impact  is  expected  to  be  negligi¬ 
ble. 
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12.  CATEGORIES  14  AND  15:  NONCOMBUSTIBLE  SOLID  WASTES  AND  MIS¬ 
CELLANEOUS  WASTEWATERS 

Wastes  from  these  categories  are  not  generated  at  SLC  3  or 
SLC  4.  Empty  chemical  containers  from  the  CCF  (e.g.,  those  hold¬ 
ing  acutely  hazardous  material  such  as  cyanides)  would  have  to  be 
considered  hazardous  if  they  were  not  tri pi e-ri nsed  with  an  ap- 
propri ate  sol  vent. 

13.  CONCLUSIONS 

All  cost  figures  presented  in  the  original  Space  Shuttle 
report  were  based  on  wastes  generated  from  15  STS  launches  per 
year.  Because  of  the  revised  shuttle  launch  schedule,  the  com¬ 
bined  SD  waste  totals  nowhere  exceed  those  earlier  estimates. 
Thus,  it  is  not  anticipated  that  the  addition  of  Atlas,  Titan, 
and  CCF  wastes  to  the  STS  waste  load  will  create  any  new  expenses 
or  overburden  planned  facilities.  Furthermore,  treatment/stor¬ 
age/disposal  facilities  designed  to  handle  the  maximum  STS  waste 
load  (even  at  10  launches  per  year)  should  be  able  to  accommodate 
the  added  SD  wastes.  The  various  programs  overlap  only  in  the 
/  early  years  of  the  STS  program  when  the  number  of  flights  is 

fewer  than  10  per  year.  The  combined  yearly  totals  seldom  exceed 
the  maximum  STS  waste  load. 

In  addition,  there  are  al ready  transport,  storage,  treat¬ 
ment,  and  disposal  arrangements  for  most  of  the  existing  Atlas, 
Titan,  and  CCF  wastes.  Many  of  these  could  be  easily  integrated 
into  the  STS  waste  management  plan  with  no  additional  costs. 

There  are  only  a  few  areas  of  concern  in  regard  to  Titan, 
Atlas,  and  CCF  wastes.  The  CCF  produces  several  wastewaters 
which  have  no  counterpart  in  the  STS  program,  i.e.,  metal  finish¬ 
ing  wastewaters  containing  chromium  and  cyanide  (Category  8).  At 
the  present  time,  these  are  being  treated  and  discharged  to  the 
sewer  system,  adding  no  new  treatment  burden  to  SD  operations. 
However,  it  may  be  necessary  to  acquire  RCRA  treatment  facility 
permits  for  the  CCF;  this  could  conceivably  entail  some  upgrading 
of  the  CCF  facilities. 

The  Titan  deluge  water  is  another  area  of  concern.  If  the 
deluge  water  is  deemed  hazardous  under  RCRA,  or  if  it  exceeds 
NPDES  standards  and  site  hydrogeology  indicates  hydraulic  conti¬ 
nuity  with  the  Lompoc  aquifer,  the  simple  discharge  to  grade  will 
no  longer  be  allowed.  Under  such  circumstances,  an  engineered 
disposal  system  (e.g.,  evaporation  basin,  ocean  outfall)  or 
treatment  system  (e.g.,  reverse  osmosis)  will  be  necessary  over 
the  remaining  life  of  the  Titan  program.  Detailed  deluge  water 
analyses  and  hydrogeological  studies  are  needed  to  establish 
whether  a  problem  exists  and  how  best  to  approach  it. 

The  waste  alcohol  contaminated  with  hydrazine  from  SLC  4 
also  adds  a  new  disposal  burden.  Again,  there  is  no  comparable 
STS  waste  stream,  and  no  waste  management  schemes  were  developed 
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with  this  waste  in  mind.  With  land  disposal  in  California  soon 
to  be  prohibited,  the  remaining  options  i nc 1 ude  sol  vent  recovery, 
incineration,  or  transport  to  an  out-of-state  disposal  facility. 
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APPENDIX  A 

COMBINED  SD  HAZARDOUS  WASTE  INVENTORY  ARRANGED 
BY  TREATMENT  CATEGORY 
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